In April 1983, differential-enrichment bioassays were conducted on natural sea-ice microalgae from Hudson Bay, Canadian Arctic. Incubations were done both in the laboratory (at about 4"-5°C) and in situ at the ice-water interface (-1.5"C). Actual growth of the cultures was nutrient limited. On the basis of our observations and using recalculated data from the literature, we tentatively set the mean generation time of Arctic-ice microalgae between 8 and 17 days. Nitrogen was demonstrated to govern the algal yield when illumination and grazing allowed the algae to grow. The low (NO,-+ NO,-+ NH,+):P0,3-mean ratio (5.9) in the water at the ice interface leads to the same conclusion. In situ dissolved inorganic nitrogen and phosphorus progressively decreased during the course of sampling, but were never exhausted. We hypothesize that the K, of epontic as well as of other benthic microalgae is higher than that of phytoplankton, so that they cannot deplete the natural nutrient reservoir. We conclude that the bottom-ice dynamics is controlled not only from above, by the seasonal (climatic) changes in light intensity as generally assumed, but also from below, by the shorter term (hydrodynamic) events of vertical mixing that replenish the ice-water interface with nutrients.
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ice microalgae, as a response to the increasing sensitivity of photosynthesis to low temperature caused by the seasonally increasing light intensity. The data of Bunt (1968) show that neither the freezing temperature nor the low light intensity at the ice-water interface prevents microalgal growth. Conflicting data have been published as to the productivity of the ice microalgal community vs. that of the underlying water column. McRoy and Goering (1974) and Kuznetsov (198 l) , among others, reported an intense productivity of the ice community that is still slightly lower than that of the water, while Clarke and Ackley (1984) and Demers et al. (1984) have observed higher growth in the ice than in the water.
For the phytoplankton, both the average light characteristics experienced by the vertically mixed cells and the nutrient replenishment of the mixed layer are ultimately controlled by hydrodynamics (Legendre and Demers 1984) . However the illumination at the ice-water interface is independent of hydrodynamics, so that hydrodynamics can 969 act on ice algal communities only through the agency of nutrients and only inasmuch as some nutrients do actually limit the microalgae. Aside from replenishment from the underlying water column through convective water motions into the bottom (lo-30 mm) skeletal layer (Reeburgh 1984) and into the brine channels (Martin 1970; Eide and Martin 1975; Niedrauer and Martin 1979) it has been suggested that the bottom-ice nutrient reservoir may be supplied by ice desaltation (Ringer, as reported by Sverdrup et al. 1942; Grainger 1977) , molecular diffusion, or in situ regeneration (Meguro et al. 1967; Alexander et al. 1974; Sullivan and Palmisano 198 1) . It has been found that the concentration of dissolved inorganic nutrients in the ice is about one order of magnitude higher than in the underlying water (Horner 1976; Demers et al. 1984) and stated that nutrient limitation was unlikely, as far as nitrogen was concerned (Clasby et al. 1976) . Nutrient concentrations in the ice, reported for various environments, are (pm01 liter-I): 9-l 9 N03--N, 0.7-9.0 POd3--P, and 1 l-3 1 Si03-Si (Oradovski 1972; Alexander et al. 1974; Grainger 1977) . Lower values have also been recorded (Apollonio 196 1; Meguro et al. 1967; Grainger 1977) .
Since there are few data concerning the mechanisms that supply the bottom-ice nutrient reservoir, one cannot easily speculate about the balance between the rate of nutrient supply and the rate of uptake by the microalgae. By comparing particulate organic P (POP) and dissolved inorganic P (DIP) concentrations in sea ice off Barrow, Alaska, Meguro et al. (1967) found that POP was 7 x DIP in the deeply colored ice layer, and 12 x DIP in the interstitial water at the bottom of the ice; this led to the conclusion that most of the nutrients had been supplied before the complete blooming. On the other hand, McRoy and Goering (1974) found that N03-was the nutrient most closely related to microalgal biomass. Grainger (1977) concluded, from calculations of integrated  that there might be N03-deficiency, but after further work (Grainger 1979) concluded that nutrient supply was not a prime factor limiting the bottom-ice microalgae.
Until recently, only Grainger's ( 1977 Grainger's ( , 1979 studies had mentioned possible nutrient limitation of bottom-ice microalgae. In Manitounuk Sound (Hudson Bay), Gosselin et al. (198 5) observed fortnightly peaks in photosynthetic activity of the ice algae, related to nutrient replenishment caused by the MS tidal mixing. This raised the possibility that nutrient limitation might previously have been overlooked due to inadequate sampling design.
The aim of this study was to investigate whether naturally occurring nutrients were sufficient to support maximum algal biomass, given the cell machinery and in situ regeneration. We decided to test whether differential enrichments of one or more nutrients could improve microalgal yield, provided, of course, that illumination and grazing allowed growth. We also wanted to find out which single nutrient, if any, governed microalgal growth. The rationale of this approach is as follows (Ryther and Guillard 1959; Thomas 1959; Smayda 1964; Ryther and Dunstan 197 1) : to remain active, any algal cell must contain a minimum cell quota of each cellular component (K,, sensu Droop 1974) ; in any natural body of water, at the time of sampling, the potential crop with respect to each nutrient is given by (Q + S)IK,, where Q stands for the actual cell quota and S for the ambient reservoir; the nutrient which yields the smallest bio-*mass potential is the potentially limiting one.
It is possible, in fact, for the concentration of a nutrient to be high enough not to limit the growth rate of algae and yet to be low enough to limit the maximum yield. In practice, the in situ limiting nutrient is identified by comparing differentially nutrientenriched cultures, whose respective maximum biomasses are controlled by the one nutrient left at the in situ concentration. In order to record the maximum biomass while preventing bias resulting from cell loss, we measure changes in biomass by a method that does not modify the initial conditions (e.g. in vivo fluorescence : Lorenzen 1966 
Materials and methods
Samples were collected from 9 to 29 April 1983, at a station (77"52.3'W, 55'25.4'N) 17.5 km off Kuujjuarapik (Poste-de-la-Baleine), southeastern Hudson Bay (Fig. 1) . Interstitial water flowing from the ice and the microalgae growing on ice crystals and in the water at the ice-water interface were collected as follows: a hole was bored through the 1-2-m-thick ice and two parallel tracks were sawed 25 cm apart; a 22-cm-diam sampler was then positioned under the ice by pulling its suspending wires along the two parallel tracks; then, using a winch and pulley assembly mounted on a tripod, we firmly anchored the 2.0-liter sampler to the undersurface of the ice, and sawed a thin kerf perpendicular to the two parallel tracks to free the ice block, the ice block was lifted with the sampler underneath, using the winch and pulley assembly; finally, we collected the interstitial water flowing from the ice together with the microalgae contained in the water from the upper 2 cm of the water column through a hole at the bottom of the vessel. The sample was thus trapped in situ and protected from sunlight stress. The algal suspension was collected from the sampler into a Dewar bottle, under black plastic, and either used immediately in a field laboratory or rapidly transferred by helicopter to a shore laboratory in Kuujjuarapik.
Seawater used for diluting the high density ice algal samples was taken with a Niskin bottle, close to the ice-water interface. This dilution water was not filtered, since in vivo fluorescence of filtered and unfiltered water was the same.
The ice microalgal suspension was diluted to an initial biomass ranging from -1 to -3 pg liter-l Chl a + pheopigments, as measured in vivo with a RO 10 Turner Designs fluorometer. The diluted suspension was gently and continuously stirred during distribution of the samples. Culture vessels varied according to the experiments (Table  1) : glass test tubes, filled with 30 ml for laboratory incubations or 50 ml (to decrease buoyancy) for in situ incubations; 125-ml glass bottles; 2 5 -ml Nalgene polycarbonate test tubes. We added 2-mm-diam glass balls to all glass vessels to increase the surface to which the cells could attach and to help resuspend cells growing on the walls before in vivo fluorescence measurements or filtration. Polycarbonate tubes, used to determine the role of Si, did not receive glass balls. Enriching mixtures were then added, always 1 ml of mixture to 29 ml of algal suspension irrespcctivc of the number of nutrients added. Three arrays of mixtures were used (Table 2) : an exploratory one (enrichments O-20), involving both single-nutrient additions and assays in which all nutrients were present but one; a transitory set (enrichments l-11, 13-17, 21, 29, 31, 36) designed to ascertain the main conclusions drawn from the exploratory array; a series of enrichments (22-39) focusing on the main results from the previous series. The range of nutrient concentrations used ( regard to those usually occurring in situ (Gosselin et al. 1985) . For some experiments, however, concentrations were multiplied by 2, 4, or 8, to see whether this would affect the results. The rationale of the method used for the bioassays is discussed by Maestrini et al. (1984a) . Some cultures were grown in a laboratory incubator, at -4"-5"C, under continuous fluorescent illumination (9 1 PEinst m-2 s-l) and their growth was estimated every second day by measuring their in vivo fluorescence, after 15 min of dark adaptation. All the other cultures were immediately suspended under the ice (which contained ice algae) at the sampling station, the adjacent Exploring array No nutrient added N (25 pmol KNO, liter-') P (1.7 pm01 KH2P04 liter-') Si (30 pmol Na2Si03*9H,0 liter-l) M* Vi@ EDTA (0.6 kmol EDTA liter-') N+P EDTA + Fe N+P+Si Si + vit + EDTA All (N + P + Si + vit + EDTA) All -N All -P All -Si All -vit All -EDTA All -Fe All + MO All + M N+P+M 0  1  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39 Focusing array No nutrient added All (N -t P + Si + M + vit + EDTA) All -N All -P All -Si All -EDTA All -Co All -Cu All -Fe All -Mn All -MO All -Zn All -thiamin All -biotin All -B,, All -(Fe + EDTA) All -(N + MO) All -(Co + B,,) All -M hole being filled with ice blocks and snow. The culture medium remained liquid during the incubations. The in situ cultures were left under the ice 19 or 24 d, with only final measurements of biomass made because priority was given to maintenance of natural conditions and absence of light and temperature stress. This combination of laboratory and in situ experiments was therefore a compromise between maintaining the algae under natural conditions and following the time-course of algal growth as closely as possible. All operations were conducted in dim light in the laboratory and under black plastic cover on the ice pack.
When the cultures stopped growing (laboratory experiments) or at the end of in situ incubations, final biomass was estimated by one or several methods (Table 1) : Chl a and pheopigments (Yentsch and Menzel 1963) ; in vivo fluorescence (Lorenzen 1966 mained at about -0.6"C, and the salinity of the upper water column varied between 20 and 25. The irradiance just under the ice (which contained microalgae) varied, at noontime (EST; measured with a Biospherical 4n instrument), from 4.5 PEinst m-2 s-* on 9 April to 2 1.6 on 29 April, the last sampling date, and to 13 7 on 14 May, when the last in situ incubations were removed. Dissolved inorganic nutrient concentrations in the sampling area (mean and SD of 11 samples, in pmol liter-I; unpubl. data from Gosselin) were: NH4+ = 4.7 (2.3), N03-+ N02-= 4.7 (3.8), POa3-= 3.1 (1.7) SiO, = 4.0 (1.2) in the interstitial water (ice cores), and NH,+ = 1.4 (0.4), NO,-+ NO,-= 2.0 (0.5), P043-= 0.3 (0. l), Si03 = 9.9 (1.6) in the upper part of the water column (Niskin bottle). Dissolved inorganic nitrogen (DIN) and phosphorus (DIP) of samples collected as described above decreased progressively during the experiments (Fig. 2) . Despite some scatter in the data, it is clear that DIN was taken up at a faster rate than DIP, leading to a DIN minimum earlier than that of DIP and also to a general decrease in the L7 N : P ratio (Fig.  3) . Most of the Z N : P values (mol: mol) after 10 April range between 2.2 and 4.3, corresponding to the period of fastest decrease in DIN (Fig. 2) . Surprisingly, Si03 remained at a rather low mean concentration of 0.9 pmol liter-l, with little variation (SD = 0.4, N = 18), an exceptional value of 2.9 pmol liter-l being excluded from the calculation. None of the major inorganic nutrients was exhausted in the natural reservoir, including DIN which remained always > 1.1 pm01 liter-l.
Chlorophyll a concentrations in March and early April (Fig. 3) parallel the decreasing nutrient concentrations (Fig. 2) . From mid-April, Chl a increased until the end of 'the sampling period, which is consistent with the observations of Alexander et al. (1974) and Horner and Schrader (1982) that maximum production can occur near the end of May. The ratio Chl a : pheopigments varied around a mean value of 3.3 (SD = 1.3, N = 19). Variations in species composition are described by Rochet et al. (1985) .
Growth of test cultures-For both laboratory (Fig. 4) and in situ (under ice) growth conditions, unenriched reference cultures showed very little development. On the other hand, in each array of enriched cultures, some of the growth-promoting mixtures always led to biomasses at least one order of magnitude higher than the unenriched controls. Due to the environmental conditions prevailing under the ice, the growth of the cultures incubated in situ was slower than in the laboratory. After 24-d in situ incubations (at -1.5"C), the in vivo fluorescence values of the cultures were never higher than those reached after 9-l 1 d in the laboratory (at -5OC and under constant illumination) (Table 3 ). It must be remembered, however, that measurements of only initial and final (not necessarily maximum) biomasses were made on the in situ cultures. Moreover, it should be noted that final in vivo fluorescence in experiment 14 was no higher than in experiment 8, despite a 2 x nutrient enrichment ( Table 3 ) which indicates that growth was probably not completed at the end of the incubation.
Four inocula out of 16 did not show any significant growth in any of the differentially enriched cultures. These four samples belong to a set of in situ incubations that lasted only 19 d and with the inocula less than half those used in previous cultures. Results from experiments 17 and 19 (Table 3) , which were inoculated with the same algal sample as the four unsuccessful experiments, indicate that the inocula were too small and the incubation time too short to result in significant increases in biomass.
Amphipods (Apollonio 196 1; Cross 1982 ) and copepods (Kern and Carey 1983) have been reported to feed on the Arctic-ice algae and were observed by one of us (M.R., SCU-BA diving) at the ice-water interface of our sampling station. Although no systematic estimates of herbivore concentrations in our samples were made, amphipods or copepods were never seen in the water collected by our sampler: its slow operation (see methods) made it easy for zooplankters to escape. Only a few nematodes were seen, but it is unlikely that they biased the results of the algal growth experiments since the ice meiofauna is very sparse (Carey and Montagna 1982; Cross 1982; Kern and Carey 1983) .
Bioassays-A first set of nine bioassays was conducted using enrichments l-20 (Table 2) to explore the major nutrients governing ice microalgal growth (Fig. 5) . On the basis of the results of this first set we carried out a second set of four bioassays: trace metals were included in the reference enrichment (22:al l), and no single or paired-nutrient additions were made. Figure 6 depicts typical results with enrichments 22-39.
To summarize the results of these bioas- says, we plotted the range and median values of all the experiments for each enriching mixture. Data were clustered in order to segregate simple or paired additions with N from those without N, metal additions with EDTA from those without EDTA (Fig. 7) , and the various nutrient subtractions (Fig.  0 The addition of N alone (Fig. 7 : enrichment 2) always resulted in increased biomass, which was about 30% of the biomass obtained with all the nutrients except metals added (enrichment 12). Addition of N + P, either paired (8) or in association with Si (lo), gave results in general higher than with N alone, up to about 75% of the reference enrichment, Enrichments without N, whatever the other nutrients involved, led to no increase in biomass. Additions of Fe (18), MO (19) or the whole metal mixture (20) to all other nutrients resulted in median values close to 100% of the reference enrichment, indicating that the addition of these metals with EDTA was neither deleterious nor growth enhancing. Surprisingly, the absence of EDTA did not result in the inhibition of algal growth by trace metals (26 and 36). On the other hand, the only successful experiment with all metals added to N and P in the absence of EDTA (21) had a final biomass 23% that of the reference enrichment and about half that obtained without Fe (8).
All the enrichments without N (Fig. 8 ) always resulted in very little growth, if any. The absence of P or Si led to rather scattered results. Median values indicate that the growth potential corresponding to the natural P reservoir is about 50% that of the reference enrichment, that for Si is about 60%. Removal of vitamins from the enrichments, either singly or as a whole, had very little effect on ice microalgal growth, although data are scattered here again, especially when the vitamin pool was omitted Differential enrfchments Fig. 8 . As Fig. 7 , but data are clustered to focus on the lack of some specific nutrients: N (13, 23, 27); P (14, 24); Si (15, 25); vitamins, singly or pooled (16, (33) (34) (35) 38) ; EDTA, singly or associated with one or more metals (17, 26, 36) ; metals, singly or pooled (27-32, 36, 38, 39) . Number of observations given above the range. (17) was critically limiting, the median algal yield of eight experiments being only 44% that of the reference enrichment; however, the absence of EDTA with metals present (26, 36) was not limiting. Similarly, none of the metals withdrawn singly, or even the removal of all of them (39), prevented ice algal growth.
Discussion
The near-freezing temperature at the icewater interface did not prevent the cultures incubated in situ from growing. This is consistent with previous studies of the growth of bottom-ice microalgae at these temperatures (Bunt 1968; Palmisano and Sullivan 1982; Rochet et al. 1985) . The same is true for the under-ice illumination, which has been shown able to support ice microalgal growth in the sampling area when it reached 7.6 FEinst m-2 s-l at the ice-water interface (Gosselin et al. 1985) . This value, which is within the range (2.3-9.3 PEinst m-2 s-l) reported by Horner and Schrader ( 1982) as a threshold necessary for ice algal growth, was exceeded shortly after the beginning of our experiments.
Growth rate of epontic microalgae-Accurate measurements of in situ growth rates require estimating the biomass frequently with respect to generation time. This was not done during our in situ experiments, for reasons given above. However, since growth was slow (Fig. 4 ) the mean doubling time calculated over a long incubation will not differ very much from the true growth rate. On the other hand, biomass was not always directly estimated, in vivo fluorescence being used as an index of chlorophyll a concentration. Experiments which also involved direct pigment estimations (Table 1) showed that fluorescence was a good enough index of pigment concentration (Chl a + pheopigments) to allow tentative calculations of in situ mean doubling rates (r2 between in vivo fluorescence and pigments ranged from 0.5 1 to 0.97, with an overall r2 = 0.78). The resulting values must be considered preliminary.
The average doubling time (Table 4) (1972) for microalgae growing at 0°C. It must be remembered, however, that Eppley's model was based solely on data from mesophilic phytoplankton, which may have physiological characteristics quite different from the bottomice microalgac (see below).
Our mean doubling times can better be compared with the results of Bunt (1968, p. 5) , who reported an 18-d increase from 4.3 to 40 x 1 O6 cells liter-' in samples from the sea-ice habitat; this corresponds to a mean generation time of about 6 d. However, the original data (Bunt 1963) to which Bunt (1968) referred show a much lower final standing stock. From his figure 1 (Bunt 1963) and accompanying comments, it is apparent that the number of chlorophyll-bearing cells from 15 December 1962 to 4 January 1963 went from 4.5 to 16.8 X lo6 cells liter-'. These last figures correspond to a mean generation time of 10.5 d, which is close to our values. Comparison between Bunt's recalculated data and the mean doubling time computed from our unenriched cultures (17.6 d) is not totally relevant, since cells growing in experimental flasks can only take up those nutrients present in the batch reservoir, while replenishment can occur in the natural environment (as demonstrated by Gosselin et al. 1985 , in relation with fortnightly tidal mixing). When proper nutrients were added, the mean doubling time of our cultures was reduced to 8.1 d, which supports the contention that the real mean doubling time of our microalgae, without the nutrient limitation that occurred in the unenriched cultures, is probably < 17.6 d.
Laboratory experiments with bottom-ice species or other polar algae have provided the literature with values of rather short generation times, ranging from 2 to 7 d. Most of these values do not seem relevant to actual in situ growth rates due to the use of high culture temperatures and irrelevantly high nutrient concentrations. These two problems are examined in turn. First, Palmisano and Sullivan (1982) have shown that a slight increase in temperature can dramatically change the algal growth rate. Their division rates at 0°C ranged from 0.26 to 0.29 div d-I, while only 0.13 div d-l or none (according to the species) were recorded at -1.5"C (see their figure 2A-F') , which is the freezing point of seawater of 27.9%0. This indicates that the generation time at -1.5"C is > 7 d. Second, the determination of the maximum specific growth rate requires that the algae take up nutrients at a constant concentration, which is usually provided by the true steady state of growth in a chemostat (Monod 1950; Novick and Szilard 1950) . This condition is never maintained in batch cultures, where the substrate concentration (S) has an initial value So . which is related to the biomass at the time growth ceases due to nutrient exhaustion by the relation:
where y is the maximum yield coefficient. The specific growth rate (CL) is related to the rate-controlling substrate by Monod's kinetics (Monod 1942; Dugdale 1967): IhIs p=K, where pm is the maximum specific growth rate and KS characterizes substrate affinity. In a batch culture, both the growth rate and the crop are functions of S, that vary according to the stage of the culture. Unless the inoculum is vanishingly small (Steemann Nielsen 1978), the demand is such that batch cultures starting with realistic nutrient concentrations will show such slow growth that it will not be possible to set a value on the slope of the growth curve, while if the initial concentration is outside this range, the growth rate will be maximal in any case (Droop 196 1). To summarize, the measurement of actual growth rates requires approaches which mimic naturally occurring environmental conditions (Eppley 1981) . Thus, such nutrient concentrations used with ice microalgae as 8 10 (Seaburgetal. 1981)or4,850~molliter-1N0,- (Van Baalen and O'Donnell 1983) and of other nutrients at similar balanced levels lead to growth rate estimates that are not relevant here. For this reason, and also because we suspect that bottom-ice algae and phytoplankton react quite differently, measurements made with the phytoplankton found under the ice probably have little bearing on the estimation of the in situ growth rate of bottom-ice algae.
As a provisional conclusion, we tentatively set the in situ mean generation time of ice microalgae, in springtime, between 8 and 17 d.
Nutrient limitation of the ice microalgae-Unenriched control cultures always resulted in very little biomass increase, whereas several enrichments containing N resulted in final crops up to 40 x the initial standing stock (Figs. 7 and 8 ). This naturally leads to the conclusion that the growth of the ice algae is nutrient limited as far as the final yield is concerned. In other words, irrespective of the natural mechanisms through which nutrients are supplied at the ice-water interface, higher nutrient concentrations would result in denser biomass.
From all the results of Figs. 5-8, it is clear that N was the nutrient governing the algal crop, provided that light and grazing allowed algal growth. The bottom-ice algae never bloomed when N was absent from the enrichments. No clear conclusion can be drawn for the other nutrients tested. From the most frequent relative yields recorded for single absences (Fig. 8 ), P and Si might become limiting when N reaches or exceeds roughly 15 pmol liter-I, which is half the N present in the experimental cultures. Vitamins, chelating substances, and trace metals were abundant enough to support large biomass increases. Conversely, the addition of trace metals did not inhibit growth, which suggests that they are not present in excess concentrations, as they are in many coastal waters.
The respective role of N and P is stressed by the low Z N : P ratio at the ice-water interface (Fig. 3) . The mean ratio 5.2 (SD = 2.45, N = 19) is far below Redfield's (1934) value of 15, indicating a large deficit of N relative to P. On the other hand, Si concentrations remained very constant, while N and P almost vanished at the end of the icecovered season (Fig. 2) . Thus, both the bioassays and the in situ nutrient concentrations lead to the same conclusions, the bioassays showing that those in situ nutrients which were not determined played no significant role.
It has often been reported that N is the major nutrient that limits microalgal growth. Some studies, however, are not free from bias, the most frequent being the consideration of only N and P in experiments or bioassays (see Maestrini et al. 1984b) . Legendre and Simard (1979) have observed consistently low levels of N03-in the deep waters of Hudson Bay, which they tentatively attributed to low regeneration. This hypothesis was supported by Pett and Roff (1982) who concluded that nitrification was incomplete in the deep waters, which may be a characteristic feature of shallow Arctic seas. A question then arises: why is the in situ DIN never exhausted, but rather remains in concentrations > 1.3 Fmol liter-l (Fig. 2) ? No comparison with other polar environments is possible, since no similar studies have been published. One can suspect that this might be related to regeneration, since most of the N at the time of the in situ N minimum (Fig. 2) was NH4+. Robert et al. ( 1979) found that tychobenthic diatoms, which thrive at the water-sediment interface in oyster ponds, never exhaust the natural nutrient reservoir even if it is renewed only every 12th day and if both temperature and light are never limiting. Moreover, tychobenthic test algae cultured in axenic conditions also failed to exhaust the nutrients. It was then demonstrated that these microalgae react to nutrient concentrations an order of magnitude higher than the oceanic phytoplankton found in culture collections that have been used for physiological studies (Maestrini et al. 1982) . With reference to these results and taking into account that our ice microalgae mostly belong to benthic taxa (Rochet et al. 1985) , we tentatively suggest that bottom-ice algae did not take up inorganic dissolved N rapidly enough to deplete the natural reservoir. This is probably because their uptake system has low substrate affinity; namely their K, values (see above) are too high to enable them to exhaust the nutrients. This low affinity could result either from constant physiological features, or from a process of "slow or fast adaptation" (sensu Droop 1974), or "shift-up and shift-down" (sensu Conway et al. 1976; Harrison et al. 1976 ) governed by the low temperature. According to our hypothesis, when the ice microalgae start growing at under-ice illumination > 7.6 PEinst m-2 s-l, their uptake system is unable to take up nutrients fast unless ambient concentrations are high. This is consistent with the observed apparently unused in situ nutrients and with the significant growth resulting from artificial enrichments of the same nutrients.
The observed N limitation of the bottomice microflora contradicts the opinion that the ice microalgae are not nutrient limited,
